A procedure was developed and validated for measuring chlorpheniramine maleate and tincture ipecac (as emetine hydrochloride) by reversed-phase liquid chromatography with methanol-10mM sodium heptanesulfonate (20 + 30) as the mobile phase; the pH was adjusted to 4 with acetic acid, and the flow rate was at 1.5 mL/min, with ultraviolet detection at 254 nm. Propyl paraben was used as the internal standard. The standard curves were linear (r = 0.998 and 0.9998) for both chlorpheniramine maleate and emetine hydrochloride over the ranges of 5-100 and 0.1-40 mg/mL, respectively. The mean recoveries ± standard deviation were 101.37 ± 2.77% for chlorpheniramine maleate and 98.8 ± 1.47% for emetine hydrochloride. The proposed method was applied to the determination of chlorpheniramine maleate alone in tablet and syrup dosage forms. The method also was applied to the determination of the emetine content of ipecac liquid extract and tincture ipecac; the results were compared with those of the method of the British Pharmacopoeia. The proposed method was applied successfully to the simultaneous determination of chlorpheniramine maleate and tincture ipecac, as emetine hydrochloride, in syrup dosage form. Both drugs and the internal standard were separated from all interfering components in <5 min. The proposed method is simple, specific, and economical, when compared with other published methods that determine each component alone. P harmaceutical preparations containing both chlorpheniramine maleate and tincture ipecac are likely to be of great benefit in the treatment of cough and asthmatic bronchitis; this result may be due to the antihistaminic property of chlorpheniramine, which inhibits the action of histamine on the respiratory tract (1), in addition to the effect of tincture ipecac as an expectorant, which also liquefies the viscid sputum (2).
P harmaceutical preparations containing both chlorpheniramine maleate and tincture ipecac are likely to be of great benefit in the treatment of cough and asthmatic bronchitis; this result may be due to the antihistaminic property of chlorpheniramine, which inhibits the action of histamine on the respiratory tract (1) , in addition to the effect of tincture ipecac as an expectorant, which also liquefies the viscid sputum (2) .
Several analytical methods have been reported for the assay of chlorpheniramine maleate. One of the colorimetric methods depends on reaction with 7,7,8,8-tetracyanoquinodimethane (3). Dent and Stewart (4) reported a fluorimetric method, using sodium coumarin-6-sulfonate as a fluorimetric ion-pairing reagent. Midha and Ravw (5) reported a method for quantitation of subnanogram levels of chlorpheniramine maleate in plasma by radioimmunoassay. Liquid chromatography (LC) has been widely applied to the determination of chlorpheniramine maleate (6) (7) (8) (9) (10) (11) (12) . Determination of emetine hydrochloride by LC requires precolumn derivatization with dansyl chloride (13) or oxidation to rubremetine to be detected by fluorescence detection (14) . No analytical method has been reported for the simultaneous determination of both chlorpheniramine maleate and tincture ipecac in their dosage forms. This paper describes a procedure developed and validated for the determination of chlorpheniramine maleate in its tablet and syrup dosage forms. The method also was applied to the determination of tincture ipecac and ipecac liquid extract, as emetine hydrochloride, and the results were compared with those of the method of the British Pharmacopoeia (15) . The method was applied successfully to the simultaneous determination of both chlorpheniramine maleate and tincture ipecac in their syrup dosage form. 
METHOD

Apparatus
Construction of Calibration Graphs
Dilute aliquots of chlorpheniramine maleate stock solution with mobile phase to obtain solutions having concentrations in the range of 5-100 mg/mL. To each, add appropriate aliquot of internal standard stock solution to obtain a final propyl paraben concentration of 10 mg/mL.
Dilute aliquots of emetine HCl stock solution with mobile phase to obtain solutions having concentrations in the range of 0.1-40 mg/mL. To each, add appropriate aliquot of internal standard stock solution to obtain a final propyl paraben concentration of 10 mg/mL. Construct calibration graphs by plotting peak area ratios (of drug to internal standard) versus drug concentrations.
Preparation of Sample for Determination of Emetine HCl in Ipecac Liquid Extract and Tincture Ipecac
Transfer 1.0 mL ipecac liquid extract or 10.0 mL tincture ipecac to 100 mL volumetric flask, dilute to volume with mobile phase, and filter. Transfer 1.0 mL aliquot of filtrate to 10 mL volumetric flask containing 1.0 mL internal standard stock solution. Dilute solution to volume with mobile phase.
Determination of Emetine HCl in Ipecac Liquid Extract and Tincture Ipecac
Inject equal volumes (20 mL) of each standard and assay solution into liquid chromatograph. Plot peak area ratios (of emetine to internal standard), and calculate concentration of emetine HCl in assay solution from calibration curve.
The results were compared with those obtained by using the method of the British Pharmacopoeia (15). Dilute aliquots of stock solutions to obtain a mixed standard solution containing chrlopheniramine maleate at 60 mg/mL, emetine HCl at 25 mg/mL, and propyl paraben at 10 mg/mL. (Note: Some pharmaceutical preparations contain propyl paraben as a preservative; in such cases, the use of another suitable internal standard is recommended.)
Preparation of Synthetic Mixture for Determination of Chlorpheniramine Maleate and Tincture Ipecac, as Emetine HCl
Dissolve the following components in demineralized water, and dilute solution to 150.0 mL: chlorpheniramine maleate, 0.03 g; ammonium chloride, 1.00 g; sodium camphosulfonate, 2.00 g; tincture ipecac, 6.80 mL; alcohol (95%), 8.00 mL; sorbitol (70%), 8.00 mL; vanillin, 0.05 g; glycerin, 7.50 g; essence tutti frutti, 0.133 g; coumarin, 0.05 g; and sugar, 60.0 g.
Transfer 30 mL aliquot of this solution to 50 mL volumetric flask, dilute to volume with mobile phase, and filter. Transfer 5.0 mL aliquot of filtrate to 10 mL volumetric flask containing 1.0 mL internal standard stock solution, and dilute solution to volume with mobile phase.
Determination of Chlorpheniramine Maleate and Tincture Ipecac, as Emetine HCl, in a Synthetic Mixture
Inject equal volumes (ca 20 mL) of each standard and assay preparation into liquid chromatograph. Calculate concentration of each drug in assay preparation with the following equation:
here Cu = concentration of drug in assay solution (mg/mL), Ra = peak area of drug in assay solution, Ria = peak area of internal standard in assay solution, Rs = peak area of drug in standard solution, Ris = peak area of internal standard in standard solution, and Cs = concentration of drug in standard solution (mg/mL). 
Determination of Chlorpheniramine Maleate and Tincture Ipecac in Syrup Dosage Form
Transfer 30 mL aliquot of syrup to 50 mL volumetric flask, and dilute to volume with mobile phase. Filter solution through 0.45 mm filter. Transfer 5.0 mL filtrate to 10 mL volumetric flask containing 1.0 mL internal standard stock solution, and dilute solution to volume with mobile phase.
Results and Discussion
Because there are no reported LC methods for the simultaneous determination of chlorpheniramine maleate and tincture ipecac, we developed a simple, accurate, and precise LC method for the simultaneous determination of both drugs without a prior separation step.
The optimum composition of the mobile phase was found to be methanol-10mM sodium heptanesulfonate (20 + 30). The pH was adjusted to 4 with acetic acid.
In the search for an internal standard, propyl paraben was found to be suitable for concomitant determination of chlorpheniramine maleate and the emetine content of tincture ipecac.
When the previously mentioned chromatographic conditions were tested, 3 well-resolved sharp peaks in the chromatogram were obtained for chlorpheniramine maleate, the internal standard, and emetine with retention times of 1.33, 2.35, and 3.16 min, respectively.
Two standard calibration curves for chlorpheniramine maleate and emetine hydrochloride were constructed by using the ratios of peak areas for chlorpheniramine and emetine at concentrations different from that of the internal standard, propyl paraben, at 10 mg/mL. Linear relationships between peak area ratios and the concentrations of chlorpheniramine maleate and emetine HCl were found in the ranges of 5-100 and 0.1-40 mg/mL, respectively. The good linearity of the method was indicated by the results of the regression analysis summarized in Table 1 .
Other analytical parameters for the assessment of the validity of the proposed method were examined, such as limit of detection (LOD), limit of quantitation (LOQ), accuracy, precision, specificity, and stability.
Limits of Detection and Quantitation
The LOD and LOQ were calculated according to the recommendation for chromatographic methods, which was published by the International Union of Pure and Applied Chemistry (16) . Accordingly, the LOD and LOQ were 2.0 and 5.0 mg/mL, respectively, for chlorpheniramine maleate, and 0.05 and 0.10 mg/mL, respectively, for emetine HCl. These results were verified in practical applications. 
Accuracy
The accuracy of the proposed method was studied by preparing synthetic mixtures containing various amounts of chlorpheniramine maleate and emetine HCl and analyzing them by the proposed method. The mean percent recoveries ± standard deviation (SD) were 99.83 ± 1.46 and 98.79 ± 1.47 for chlorpheniramine maleate and emetine HCl, respectively. The results shown in Table 2 indicate reasonable accuracy.
Precision
(a) Repeatability.-The SD and coefficient of variation (CV) were calculated for 3 concentrations from analysis of 3 replicates at each concentration.
(b) Intermediate precision.-Repeatability (6 determinations for one concentration) was calculated on 2 different days.
In both (a) and (b), the mean SD and CV were 0.45 and 1.70%, respectively, for chlorpheniramine and 0.0708 and 0.89%, respectively, for emetine HCl. In all cases, no CV was >2%.
Specificity
The mean percent recoveries of chlorpheniramine maleate and emetine HCl were determined separately in a mixture of them with possible interfering substances such as camphosulfonate and sorbitol. The results obtained, shown in Table 3 , indicated no interference.
Stability
The stability of chlorpheniramine maleate and emetine HCl in solution was assessed by determining the relative standard deviation (RSD) for replicate injections of the same solution over a period of time under the same analytical conditions. The RSD should be less than 1.2-2 times the value for the precision obtained by analyzing replicate injections over a relatively short time period (17) .
The results, shown in Table 4 , indicated adequate stability for chlorpheniramine maleate and emetine HCl, both in solution and during the analysis. Statistical evaluation of the results (analysis of variance), showed no significant variations in concentration with time.
The proposed LC method was applied successfully to the determination of chlorpheniramine maleate in some of its dosage forms. The results are shown in Table 5 . Figure 1 shows the liquid chromatogram of chlorpheniramine maleate and propyl paraben from the assay of Allergyl tablets.
The proposed method was applied to the determination of the emetine content of both ipecac liquid extract and tincture ipecac, and the results were compared with those of the method of the British Pharmacopoeia (15) . The results are shown in Table 6 . Figure 2 shows the liquid chromatogram of emetine HCl and propyl paraben from the assay of tincture ipecac.
The proposed method was applied to the simultaneous determination of chlorpheniramine maleate and tincture ipecac (for its emetine content) in syrup dosage form containing both components. The results are shown in Table 7 . Figure 3 shows the liquid chromatogram of chlorpheniramine maleate, propyl paraben, and emetine HCl from the assay of Bronchistal syrup; the peaks are well resolved, and the retention times are 1.28, 2.31, and 3.16 min, respectively.
Conclusions
Because this LC technique requires no pretreatment, it offers a clear advantage over other LC methods. With the simple elution system, the entire analysis takes only 4.0 min, making it convenient for quality assurance purposes. The proposed LC method enables simultaneous determination of both chlorpheniramine maleate and tincture ipecac in anticough syrups, instead of separate assays of the individual components.
